Clearance of Intracerebral Hb. The rate of disappearance of intracerebral Hb was studied in male Swiss-Webster mice, 50-60 g in body weight. Some mice were made hypohaptoglobinemic through intraperitoneal injections of 5 mg of purified Hb (8) . Following three daily injections of Hb, serum Hp was undetectable by immunonephelometric assay. Human Hb was radiolabelled by incubating suspensions of washed erythrocytes containing 100 mg Hb with 100 ttCi 5~Cr (as sodium chromate) in a final volume of 1.0 ml (9) . ~8 ul of 5~Cr-labeled lysate (containing 1 mg of 51Cr-Hb) was injected into the left cerebral hemisphere of sodium pentobarbital-anesthetized mice (5 mg/kg body weight) via a Hamilton microsyringe inserted to a depth of 4 ram. Some hypohaptoglobiheroic animals were injected with a preformed Hb-Hp complex. In these experiments, 1 mg 51Cr-Hb was complexed with purified Hp (1.3 mg). 24 h after injection, the animals were killed by cervical dislocation, and radioactivity within the liver, spleen, and left and right cerebral hemispheres was measured in a gamma-counter. To correct for variations in the amounts of labeled Hb actually delivered to the injection site, results were calculated as a percentage of total counts recovered in liver (the primary site of deposition of both free Hb and Hb-Hp complex) and brain as follows: (cpm injected hemisphere) X 100/(cpm liver + cpm brain).
Peroxidation of Brain Lipids. Hb-mediated peroxidation of brain homogenates was assessed by measurements of "malondialdehyde" (MDA) (actually, a mixture of thiobarbituric acid-reactive substances). Fresh mouse brain was homogenized in four volumes of 50 mM Tris buffer, pH 8.0, in an acid-washed Potter-Elvehejm homogenizer. MDA was determined as previously described (10) .
Results and Discussion
To identify genetic polymorphisms that might be linked with a hereditary predisposition to epilepsy, we performed two-dimensional PAGE on sera from 67 members of the 14 kindreds under study. In 5 of the 14 families, the index cases showed a decrease, or absence, of two or three major polypeptides of molecular weights ~9,000, 16,000, and 40,000. These proteins were identified as a type l, a type 2 and /3 chains of the Hb-binding protein, Hp. On onedimensional PAGE, a similar abnormality was observed in <2% of 612 control subjects, in keeping with earlier reports of the rarity of hypo-and anhaptoglobinemia in Caucasian populations (1 l-14) .
Immunonephelometric analyses of serum revealed that most of the patients with epileptiform seizures have hypohaptoglobinemia (Fig. l) . The mean serum Hp values of the 16 patients with seizures are significantly lower than those of 20 relatives without seizures (t = 2.64, P < 0.02 by Student's "t" test). Values for all but 4 of these 16 individuals fall at least one standard deviation below the normal mean. More importantly, the mean Hp values for these 16 patients are significantly below those of 120 normal controls (t = 3.99, P < 0.001). This difference remains significant even after exclusion of the five probands (t = 3.63, P < 0.01). Although the heritable nature of this abnormality is indicated by the high frequency of occurrence within these kindreds, the precise mode of inheritance cannot now be distinguished.
Hp, which is synthesized in the liver, avidly binds free Hb. The complex is then rapidly cleared by the reticuloendothelial system (15, 16) . In the event of hepatic disease or increased intravascular destruction of erythrocytes, serum Hp may decrease. However, no evidence of such disease was found in any members of the affected kindreds. Furthermore, the mean serum Hp levels of 17 patients with nonfamilial epilepsy, under heavy medication to prevent frequent seizures similar to those in the familial group, were relatively normal (Fig. 1) . Therefore, the diminished serum Hp levels in these five families with idiopathic epilepsy probably do not arise from accelerated intravascular red cell destruction, hepatic disease, medications, or seizures per se. We hypothesize that decreased serum Hp levels may be causally related to the development of epilepsy. Specifically, cerebral "bruising" probably occurs in most people, either spontaneously or as a result of trauma. Hypohaptoglobinemic patients might fail to efficiently clear free Hb from the central nervous system. Residual, uncomplexed Hb within the brain could act as a starting point for inflammation, predisposing these patients to the development of seizures. Indeed, intracerebral injection of either iron salts or heme proteins into animals leads to the appearance of electroencephalographic abnormalities that foreshadow seizure disorders (17) (18) (19) (20) (21) (22) (23) .
We have tested two corollaries of this hypothesis: namely, (a) that Hp speeds the clearance of free, intracerebral Hb, and (b) that Hb may promote inflammatory processes within brain tissue.
The first corollary was tested in hypohaptoglobinemic Swiss-Webster mice. 51Cr-labeled human Hb was then injected into the left cerebral hemisphere of these animals, and into control mice that had normal serum Hp levels. An additional group of hypohaptoglobinemic mice was injected with 51Cr-labeled Hb in complex with purified Hp. The results, shown in Fig. 2 , indicate that hypohaptoglobinemic animals clear intracerebral Hb at a substantially slower rate, and that the defect in clearance of Hb is normalized by Hp.
Results of further experiments indicate that free Hb may promote brain lipid peroxidation. The addition of purified Hb to mouse brain homogenates causes the accumulation of MDA, generally considered an indicator of lipid peroxidation (10) . This Hb-driven generation of MDA shows a clear dose dependence (Fig. 3) . Stimulation of prostaglandin synthesis and MDA generation by Hb, as well as inhibition of these reactions by Hp, has been documented in other tissues (24) (25) (26) (27) (28) (29) (30) (31) . Furthermore, Hb will act as a "Fenton" reagent, promoting the generation of hydroxyl radicals from H202, supporting the possible involvement of Hb iron in the production of highly reactive oxygen species (32) .
Not all subjects with seizures have hypohaptoglobinemia, however. Hypohaptoglobinemia may represent but one predisposing factor to the development of seizure disorders. Indeed, many individuals with hereditary hemolytic disease are chronically hypohaptoglobinemic, yet are not known to have a high frequency of seizure states resembling epilepsy. Nonetheless, we have found a large number of concordantly epileptic and hypohaptoglobinemic individuals in five kindreds with familial epilepsy, suggesting an association between low plasma Hp levels and the development of seizure disorders. A hereditary deficit in Hp may lead to slowed clearance of interstitial Hb from the brain. The resultant encephalic inflammation, prolonged and amplified by residual Hb, may ultimately lead to the occurrence of epileptiform seizures. Similarly, in cases of severe head trauma accompanied by acute Hp depletion (33) , normal individuals may be subject to the same chain of events.
Summary
In select kindreds afflicted with familial idiopathic epilepsy, most individuals suffering seizures also have low levels of the plasma hemoglobin-binding protein, haptoglobin. This hypohaptoglobinemia may be causally associated with a tendency to develop epilepsy. Our experimental results indicate that artificiallyinduced hypohaptoglobinemia in mice causes retarded clearance of free hemoglobin from the central nervous system, and that such free hemoglobin may engender the peroxidation of brain lipids. We hypothesize that hypohaptoglobinemia, either inherited, or acquired via traumatic processes, may prevent efficient clearance of interstitial hemoglobin from the central nervous system, thereby predisposing these people to encephalic inflammation and the appearance of seizure disorders.
